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Elements of Static Strength 


tions can exist. Under such terms of reference the task of detailed and rigor¬ 
ous stress analysis may often be rather difficult, time consuming, and open to 
question. It is extremely fortunate, however, that in real life the manipulation 
of even the simplest stress formulas and the application of sometimes crude ex¬ 
periments can save the day. For this reason this and the subsequent sections 
will be devoted to relatively simple but indispensable concepts of stress analy¬ 
sis. 


CONCEPT OF STRESS 

The fundamental concept of stress may be defined as the internal force per unit area 
of a given cross section which resists a change in size or shape within the structural 
member. Since the effect of an applied external force must depend on the cross- 
sectional area of the load-carrying component, the most convenient representation 
of structural behavior is through the theory of stress and strain. This fundamental 
theory permits a description of the material’s characteristics independently of the 
size or the gage length of the test pieces. 

Although this book is not concerned with material evaluation per se, the fact 
is that testing of materials and structures provides a basis for the verification of 
theoretical concepts. The mechanical properties of materials are inseparable from 
the subject of solid mechanics, and their realistic magnitudes are indispensable 
in testing new design formulas and even very sophisticated computer codes. The 
mathematics of stress analysis is only as good as our knowledge of engineering 
materials. 

One of the more important ingredients in applying the concept of stress to 
design is an understanding of the nature, orientation, and magnitude of the external 
force. In many cases we deal with stationary or dead loads that can cause axial, 
bending, or torsional response in a structural member. In other situations, a change 
in velocity can create an inertia force. A change in temperature may initiate internal 
forces, or a frictional effect can influence the equilibrium of forces acting on a 
particular structural or machine component. 

Experience indicates that, quite often, knowledge of a material’s properties 
and the nature of loading is not satisfactory. This situation may not change the 
basic concept of stress, but it can certainly affect the confidence level of the results 
of stress analysis. The overview that follows assumes an adequate knowledge of 
materials and loads. 


HOOKE’S LAW IN ONE DIMENSION 

To illustrate the basic concept of stress in a one-dimensional field, consider the 
simple test piece shown in Fig. 1.1. In materials testing, the original length of 
the specimen, L, is referred to as a gage dimension or gage distance. Under the 
action of an external load W applied axially, the test piece undergoes an increase 



